Acute oral administration of selective serotonin re-uptake inhibitors (SSRIs) increases plasma cortisol by facilitating brain serotonin activity. Recently, salivary cortisol sampling has grown in popularity as a noninvasive means of assessing HPA axis activity. The aim of the present study was to find out whether acute oral administration of the SSRI, citalopram, increases salivary cortisol in healthy volunteers and whether the increase produced by an equivalent dose of its active isomer, escitalopram, is greater. A total of 15 healthy subjects were tested on three occasions receiving either oral citalopram (20 mg), escitalopram (10 mg), or placebo in a double-blind, randomized, crossover design. Salivary cortisol and plasma cortisol and prolactin were measured for 240 min after each treatment. Relative to placebo, both citalopram and escitalopram increased salivary and plasma cortisol levels with no evidence of consistent differences between them. Plasma prolactin concentration was not altered by either active treatment. Plasma and salivary cortisol responses after citalopram but not escitalopram correlated significantly. The present study does not support an enhanced effect of escitalopram on 5-HT-mediated neuroendocrine responses.
INTRODUCTION
Drugs that potentiate serotonin (5-HT) function can produce increases in the secretion of cortisol and prolactin (Raap and Van de Kar, 1999) . For example, intravenous administration of selective serotonin re-uptake inhibitors (SSRIs) produces a reliable increase in plasma prolactin as well as in plasma and salivary cortisol (Laakmann et al, 1990; Seifritz et al, 1996) . The effects of acute oral administration of clinical doses of SSRIs on these neuroendocrine responses are less striking (Meltzer and Nash, 1988) , but increases in plasma cortisol with citalopram (20 mg orally) and paroxetine (20-40 mg orally) have been described (Hennig and Netter, 2002; Reist et al, 1996; Kojima et al, 2003; Carpenter et al, 2003) . However, effects of oral SSRIs on salivary cortisol have not yet been reported.
The active isomer of citalopram, escitalopram, has recently been marketed for the treatment of depression. Animal experimental studies suggest that the effects of escitalopram on 5-HT release and on certain 5-HTmediated responses are greater than equivalent doses of citalopram Mork et al, 2003) . This might be associated with greater clinical efficacy and an earlier onset of action in depressed patients (Gorman et al, 2002) . The aim of the present study was to assess the effect of oral citalopram (20 mg) and escitalopram (10 mg) on plasma prolactin and salivary cortisol in healthy volunteers. We hypothesized that both drugs would increase salivary cortisol, but that, from the animal experimental data outlined above, the effect of escitalopram would be greater and that, correlating with its suggested earlier onset of action, acute escitalopram but not citalopram would increase plasma prolactin (see Cowen and Sargent, 1997) .
SUBJECTS AND METHODS

Subjects
In total, 15 healthy volunteers (11 female, four male) mean age 43.6 years (range 24-65 years) gave informed consent to the study which was approved by the local ethics committee. On the basis of the structured clinical interview for DSM-IV the subjects were determined to be free of current Axis 1 disorder. They had no current significant physical illness and had been free of medication for at least 3 months. Female subjects were tested in the early follicular phase of their menstrual cycle.
Neuroendocrine Testing
Subjects attended the laboratory at midday, having fasted from breakfast, and an indwelling venous cannula was inserted. This time of day was used to avoid the usual sharp decline in cortisol levels over the early morning (Carpenter et al, 2003) . Subjects were tested reclining and were not allowed to sleep. After a 30-min rest period subjects received (a) citalopram (20 mg orally), (b) escitalopram (10 mg orally), or (c) placebo, in a double-blind, random order, crossover design. Blood samples for prolactin, cortisol, and drug levels were carried out at 30-min intervals for the next 240 min. Saliva samples for cortisol were taken at the same time points and were collected with a Salivette s (Sarstedt, Numbrecht). The mean interval between the three tests was 15.472.0 days. Citalopram and escitalopram were manufactured by Lundbeck and obtained from the hospital pharmacy.
Biochemical Measurements
Plasma was separated from heparinized blood samples by centrifugation and stored at À301C. Plasma cortisol and salivary cortisol concentrations were determined by 'inhouse' double antibody radioimmunoassay. Antibodies were obtained from Bioclin (Cardiff) and IDS (Tyne and Wear) and iodine-labelled cortisol from Amersham (Bucks). The intra-and interassay coefficients of variation over the range encompassed by the standard curve were 4.3 and 5.8% for plasma cortisol and 3 and 10% for salivary cortisol, respectively. The lower limit of detection of cortisol in saliva was 0.5 nmol/l. Plasma prolactin was determined by an immunoradiometric assay kit (Coat-a count, DPC, Lanberis, Wales). Intra-and interassay coefficients of variation o3 and o6%, respectively. Citalopram was assayed by highperformance liquid chromatography with a UV detector set to a wavelength of 240 nm as previously described (Clement et al, 2001) . Samples were extracted into 2% ammonia solution in methanol with propanolol (150 ng) being used as an internal standard. The mobile phase consisted of 0.05 M ammonium phosphate buffer (pH 3.5) in acetonitrile (50:41, v/v) . Peak height ratios of citalopram vs propranalol were measured by the Borwin system.
Statistics
Salivary cortisol data were log-transformed to approximate more satisfactorily to a normal distribution (KolmogorovSmirnov test). Salivary cortisol and plasma cortisol and prolactin were plotted against time and analyzed with a twoway repeated measures analysis of variance (ANOVA) with 'drug' (citalopram vs escitalopram vs placebo) and 'time' (sampling time) as the main within-subjects factors. A Huynh-Feldt correction was used where the assumption of sphericity was violated. For clarity, uncorrected degrees of freedom have been reported. Paired t-tests (two-tailed) were used as post hoc tests. Endocrine responses and drug levels were also measured as area under the curve (AUC) by the trapezoid method with subtraction of baseline secretion (extrapolated from time '0'). Correlations were carried out using Pearson's product moment. All values are given as mean7standard error of the mean (SEM) unless otherwise specified. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) version 11.5.
RESULTS
The treatments were well tolerated and no subject experienced significant nausea. Exploratory analyses of the endocrine responses showed no main or interactive effects of gender (all p-values 40.1), which was therefore omitted as a factor in subsequent analyses. The ANOVA of plasma prolactin showed a main effect of time (F ¼ 10.16; df ¼ 8,122; po0.001), but no main effect of drug (F ¼ 0.30; df ¼ 2,28; p ¼ 0.75) or drug by time interaction (F ¼ 1.10; df ¼ 16,224; p ¼ 0.41). On all test occasions, plasma prolactin rose modestly from baseline over the time course of the sampling period ( Figure 1) .
In contrast to their lack of effect on prolactin, both citalopram and escitalopram increased salivary cortisol ( Figure 2 ). The ANOVA of salivary cortisol showed a main effect of drug (F ¼ 5.31; df ¼ 2,28; p ¼ 0.016) of time (F ¼ 7.10; df ¼ 8,112; po0.001) and a significant drug by Despite the lack of a significant interaction term we carried out post hoc paired t-tests to test for any possible differences in response between two active treatments. As with the salivary cortisol measures, however, post hoc t-tests revealed no difference in plasma cortisol between citalopram and escitalopram at any time point. The mean AUC of plasma cortisol response to escitalopram was significantly greater than that to placebo (À6.173.0 vs À17.974.3 mg h/100 ml, p ¼ 0.023). The mean AUC plasma cortisol response to citalopram (À10.375.2 mg h/100 ml) was somewhat less than that seen with escitalopram but did not differ significantly from either the response to escitalopram (p ¼ 0.36) or placebo (p ¼ 0.13). Post hoc analyses of the AUC responses with the nonparametric Wilcoxon test gave similar results.
Plasma levels of both citalopram and escitalopram started to rise within about 120 min of oral administration and were still rising to a small extent at the end of the sampling period (Figure 4 
DISCUSSION
The present data confirm that acute oral administration of citalopram increases HPA axis activity (Raap and Van de Kar, 1999; Hennig and Netter, 2002) . The acute facilitatory effect of SSRIs on the HPA axis is thought to be mediated by increased release of corticotrophin-releasing hormone (CRH) in the paraventricular nucleus of the hypothalamus, which leads to increased corticotropin (ACTH) release at pituitary level (Raap and Van de Kar, 1999) . This, in turn, results in greater secretion of cortisol from the adrenal gland into the plasma, which can be detected by salivary monitoring. Potentially, this might provide a simple and noninvasive means of assessing 5-HT neuroendocrine responses in both volunteers and patient groups.
Of currently available SSRIs, citalopram may be the most suitable for this purpose because it takes a relatively short time (2-4 h) to reach peak plasma levels after oral administration (Gutierrez and Abramowitz, 2000) . It should be noted, however, that our sampling period, which ended 4 h after treatment ingestion, may not have quite captured the peak of level of citalopram and escitalopram in plasma and the same may obviously be true of the cortisol responses. In the report by Hennig and Netter (2002) , peak plasma cortisol responses to citalopram were apparent about 3 h after oral citalopram intake.
Despite the increase in cortisol secretion after citalopram, there was no effect of either citalopram or escitalopram on plasma prolactin levels. After intravenous administration of citalopram, however, increases in plasma prolactin are seen (Seifritz et al, 1996; Attenburrow et al, 2001 ). This suggests that it is possible to increase prolactin release after acute citalopram treatment but that this effect requires higher plasma levels of citalopram than are produced by oral administration. A similar phenomenon is seen with the serotonergic antidepressant, clomipramine, where intravenous administration produces reliable increases in plasma prolactin whereas oral administration does not (Laakmann et al, 1977 (Laakmann et al, , 1984 .
A possible explanation of this difference is that prolactin release may be more buffered by inhibitory serotonin autoreceptor activity (Raap and Van de Kar, 1999) . For example, increases in plasma prolactin levels are seen after 3 weeks of oral paroxetine administration but not after 1 week, despite the presence of similar plasma levels of paroxetine on both occasions (Cowen and Sargent, 1997) . This might be consistent with gradual autoreceptor desensitization, which leads to increased 5-HT-mediated prolactin release over continued treatment. If this is the case one might speculate that the kinetic profile produced by intravenous administration is more likely to override serotonin autoreceptor inhibition than oral dosing.
The ability of the racemic mixture of citalopram to inhibit the re-uptake of 5-HT resides exclusively in the Senantiomer, escitalopram. Escitalopram has recently been marketed as an antidepressant with some evidence that it might be more clinically efficacious than the parent compound even at equipotent doses (Gorman et al, 2002) . In support of this, animal experimental studies have indicated that equivalent doses of escitalopram are more effective than citalopram at increasing extracellular 5-HT as measured by in vivo microdialysis (Mork et al, 2003) . This had led to the proposal that the R-enantiomer of citalopram may contain some pharmacological activity that attenuates the ability of the S-enantiomer to increase extracelluar 5-HT (Mork et al, 2003) . If this is the case it might be expected that escitalopram would cause a greater increase in the cortisol response than an equivalent dose of citalopram.
Indeed, from the AUC data, the effect of escitalopram on plasma cortisol appeared a little more robust than that of citalopram; however, with the salivary cortisol responses the reverse was the case, suggesting that the effects of escitalopram and citalopram on 5-HT-mediated cortisol release at these doses do not show consistent differences. In support of this, the post hoc t-tests showed no difference in salivary and plasma cortisol levels between citalopram and escitalopram at any time point (Figures 2 and 3) . Nevertheless, it must be acknowledged that we studied only single doses of citalopram and escitalopram and also that our sampling time may not have continued for long enough to capture the peak of the cortisol responses. In the former respect it is worth noting that Mork et al (2003) found in their microdialysis study that while of 2 mg/kg escitalopram produced a greater increase in extracellular 5-HT than 4 mg/ kg of citalopram, the effects of 1 mg/kg escitalopram and 2 mg/kg of citalopram were not different from each other. It is possible, therefore, that administration of higher doses of citalopram and escitalopram might reveal a greater effect of escitalopram on cortisol release.
The method we employed to measure citalopram does not distinguish the S-and R-enantiomers. As expected, therefore, plasma levels of citalopram were about twice as high after citalopram 20 mg than escitalopram 10 mg. In both experimental studies and clinical trials it is generally reckoned that the equivalent dose of escitalopram is about half that of citalopram (Mork et al, 2003; Gorman et al, 2002) . However, pharmacokinetic studies in humans suggest that after citalopram administration, the ratio of S-citalopram to R-citalopram in plasma is about 0.5-0.7 (Sidhu et al, 1997; Mork et al, 2003) . Thus, the dosing regime in the current study might have led to relatively more active S-enantiomer being present in plasma after escitalopram 10 mg than after citalopram 20 mg. However, this, of course, cannot account for the failure of escitalopram to increase cortisol more than citalopram because such an effect would favor escitalopram over the racemic mixture of citalopram.
As noted above, the AUC cortisol data were rather contradictory relative to the ANOVA findings and showed a significant effect of escitalopram but not citalopram to increase plasma cortisol while the reverse was the case with the salivary cortisol data. We believe that these inconsistencies are due to the greater inherent variability and lower power of AUC measures relative to ANOVA. Indeed, in numerical terms, the AUC salivary cortisol response to escitalopram was almost the same as that of citalopram but because of greater variance was not statistically significantly different from placebo. For this reason, as noted above, we think it better to put more weight on the fact that post hoc t-tests failed to show differences between cortisol responses to citalopram and escitalopram. The observed power of the ANOVA of salivary cortisol to detect a drug by time difference between active treatment and placebo was 0.82 on the SPSS analysis. However, clearly, the power to detect smaller differences between citalopram and escitalopram would have been substantially less.
Another important methodological issue is how closely the salivary cortisol responses to citalopram and escitalopram mirror the cortisol responses in plasma; that is, how far one measure can be taken as a surrogate for the other. In the case of intravenous citalopram the relationship between these two measures is very strong (r ¼ 0.91) (Bhagwagar et al, 2002) . With oral citalopram a significant but lesser correlation was obtained (r ¼ 0.64), but with escitalopram the correlation (r ¼ 0.21) was not significant. We do not have an obvious explanation for these differences. Presumably, with intravenous citalopram it is more likely that the totality of the cortisol response will have occurred during the time frame of a conventional neuroendocrine challenge study while this is less likely to be the case with an oral citalopram challenge (see above). However, the current data suggest that after oral SSRI challenge caution should be used when extrapolating results from salivary cortisol measures to plasma, particularly in the case of escitalopram.
Gender is known to influence some models of 5-HT neuroendocrine function (Ghaziuddin et al, 2003) , and in the present study we tested both male and female subjects. Although the ANOVA showed no main or interactive effects of gender, the sample size was too small to draw firm conclusions about whether or not endocrine responses to citalopram and escitalopram differ between men and women. A potential influence of the menstrual cycle on SSRI-mediated cortisol release also requires further study (O'Keane et al, 1991) .
In conclusion, our study confirms that acute administration of SSRIs stimulates the HPA axis and that this effect can be detected through monitoring of salivary cortisol levels. Within its limitations, the present study does not support the proposal that escitalopram has a more potent effect on 5-HT neurotransmission than equivalent doses of citalopram.
